AbshncI-Analysis of a novel pressure sensor based on a SO1 asymmetric vertical coupler is presented. The integrated optical component is a coupler composed of a single mode low index waveguide and a thin silicon slab.
I. INTRODUCTION
The pressure sensing by integrated optical means is always attracted much attention, since these sensors can be controlled remotely by optical fibres and they are immune to elmnomagnetic radiation. Many complicated devices including those using a Mach Zehnder interferometer ( M q and a ring resonator have been designed and fabricated so far [1,2].
Here, we utilize wavelength selective coupling between a low index single mode (SM) waveguide and a multimode high index semiconductor slab waveguide. The change in refractive index of the diaphragm under pressure alters the transmission spectrum which can be used to read out the applied pressure.
Finite element method ( E M ) is used to predict the behavior of the membrane under pressure while the optical response of the sensor is analyzed with well known mode calculations and the coupled mode theory. The results are confirmed by 2D beam propagation method (BPM) simulations.
SENSOR DESIGN AND OPERATION
The sensor design allows it to be fabricated on a SO1 wafer with a few micrometer top silicon thickness and a buried oxide thickness large enough for optical confinement which we choose as 1.5 and 1 pm respectively. A 3 p n wide and 3 pm high, benmyclobutane (BCB) SM rib waveguide is placed on the SO1 substrate after a 2 pm Si02 deposition on top of the Si layer. The smcture can be seen in Fig. 1 .
The refractive index of BCB polymer is taken as 1.5339.
Other low index materials, namely doped-SiO2, SiN and SON, can also be used as the low index SM waveguide. It has been shown that such devices are highly wavelength selective[3]. In Fig. 2 , effective indices of the BCB SM waveguide and the highest order mode of the Si slab waveguides with oxide and air substrates are given as a function of free space wavelength. It is clearly seen that, SM waveguide is phase matched with slab waveguides of different lower claddings at quite different and well separated wavelengths which we label as A, , , and Aostde. The sensor has a diaphragm at the backside of the SO1 wafer which can be defined by anisotropic KOH etch of silicon and followed by a HF etch of the buried oxide. The choice of a polymer as S M waveguide is due to the fact that its refractive index change under pressure is very small compared to silicon, and is ignored in analysis. The refractive index change of silicon slab with applied pressure is calculated with.FEM and it is found that there is's linear relationship between index change and applied pressure. The net change in silicon index is calculated to be O.OOO1 for a . . aiid X0&. Thus this approximation can be used to ipalyk the specsal propenies of transmined power which is one minus transferred power that is 1-T. This spectral response can be &n:b Fig. 3 Iv. CONCLUSION A novel pressure sensor based on a SO1 asymmetric integrated vertical coupler is designed adanalyzed. The proposed device i s both easy to design and fabricate, compared to previous sensor designs. It uses well established silicon micromachining technology applied to SO1 substrates. Newly developed SO1 wafers with highly uniform thicknesses are well suited for this device. The sensor comes out to be very sensitive due to'dependence of transmission of the asymmetric coupler on refractive index of Si slab and can be used for hut not lipited to the low pressure repime.
